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limited size of the film or the shallow floor of the mouth that prevent proper alignment of the film and hence prevent complete visualizing of the foramen. [2] [3] [4] [5] In this study, digital OPG was used to evaluate the MF as it shows the vertical and horizontal positions of the MF. Furthermore, the appearance of the foramen and continuity with the mandibular canal could be studied. One drawback of the OPG is the 20%-25% magnification that it produces from the actual size. [6, 7] This was overcome by the Scanoralite program, which processes the image and provides the real dimensions.
As the MF has been reported to differ in shape, size, and position in different population, [8] [9] [10] [11] [12] [13] this study was aimed to evaluate these variables among Libyan patients.
MateRIals and Methods
The examiners choose good-quality digital radiograph of patients who attended a private polyclinic in Tripoli, Libya, between December 2014 and January 2017 and who required OPG as part of their dental treatment. Only high-quality digital OPGs that show clearly the MF and allow easy measurement were included. The patients signed consent forms before conducting this study.
The age of the patients ranged from 21 to 63 years. They were divided into two age groups: Group A (21-40 years) and Group B (41-63 years).
The OPGs were taken using digital radiograph by experienced staff under standard exposure settings (kV ??10 mA; 11.0 s).
The inclusion criteria were as follows: 1. Clearly visible MF 2. Presence of mandibular teeth at least to the first molars 3. Teeth have fully erupted with an absence of major crowding.
The exclusion criteria were as follows: 1. The age of the patient is below 18 years 2. Over eruption, crowding, or spacing between teeth 3. Presence of a fracture or a lesion that prevent identification of the MF 4. Presence of bone loss around teeth 5. Orthodontic patients 6. Absence (or extraction) of mandibular premolars.
One investigator was responsible for the selection of the OPGs according to the inclusion and exclusion criteria. The radiographs were viewed digitally on a computer using Scanora Lite software (Palodex, Tuusula, Finland). A measurement tool of the software allowed recording the vertical and horizontal positions of the foramen and also measuring the size of the foramen Gupta et al. [2] classified the appearance of the foramen as follows: a. Continuous: Foramen which is continuous with the mandibular canal b. Separated: Clear bordered foramen which is separated from mandibular canal c. Diffuse type: Foramen which has an indistinct border d. Unidentified type: The foramen that could not be identified on the panoramic radiographic.
The horizontal location in relation to the apices of the teeth was determined and categorized [13, 14] as follows: a. Anterior to the first premolar b. In line with the long axis of the first premolar c. Between first and second premolars d. In line with the long axis of the second premolar e. Between the second premolar and first molar f. In line with the long axis of the first molar.
The horizontal location was determined and categorized as above by digitally drawing a vertical line that extends from alveolar bone to lower border of the mandible passing through long axis of the MF; then, we visually determine the location as above categories (a-f) [ Figure 1 ]. For the vertical position, three vertical measurements were taken: a. From the alveolar border to the upper border of the foramen (X) b. From the upper border to the lower border of the foramen (Y) c. From the lower border of the foramen to the inferior border of the mandible (Z) [ Figure 2 ].
Results
Out of the 200 panoramic digital radiographs which were evaluated, 123 radiographs fulfilled the inclusion criteria. They were 76 radiographs for females and 47 for males. The age of the patients ranged from 21 to 63 years. The shape of the MF was "continuous" for 55% of females and 53% of males, followed by "separated" (24% females and 10% males), then "diffuse" (9% females and 9% males) and finally "undefined" (9% females and 4% males). Regarding the age groups (A: 21-40 years and B: above 40 years) both have the continuous shape as the most common [ Table 1 ].
The most common horizontal position of the MF was between the first and the second premolars, being closer to the second premolar for females 56% and under the second premolar in males 61% [ Table 2 ].
The average posi tion of the MF relative to the apex of second premolar was found to be 52% on the mesial side, 3% on the distal side and 47.5% intersecting with the apex of respective second premolar [ Table 3 ].
The average vertical dimension of the MF was 3.3 mm for males and 2.7 mm for females, and the average vertical distance from the foramen to the alveolar bone level was 21 mm for males and 17 mm for females. Finally, the average distance from the foramen to the inferior border of the mandible was 12 mm for males and 10 mm for females [ Table 4 ].
dIscussIon
Since there is a need to study the disparity that occurs in the position of the MF in the Libyan population. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] To the best of our knowledge, this study is the first to consider the MF position in Libya. All factors that could affect the results such as alveolar bone loss around teeth, fractures, lesions in the area, crowding, and spacing or absence of teeth were excluded.
Many previous studies have used conventional OPGs (using hard films), [1] or periapical radiographs. [16] Conventional OPGs could have a magnification error of up to 20%-25%, [9] [10] [11] and periapical radiographs cannot show the continuity with the mandibular canal. Therefore, we used digital radiographs to overcome both of these problems and for easier recording and saving of the measurements.
Different studies showed different results regarding the position of the foramen; for instance, Gupta et al. and Al-Khateeb et al. [2, 12] showed that location C (between the first and second premolars) was the most common location without gender differences, whereas the present study showed the same position C when both genders are combined. However, gender difference exists placing males in location D (in line with the second premolar) and females in location C.
Same as the shape of the foramen, studies do differ; for example, Yosue and Brooks [13, 14] evaluated 297 patients and reported that the most frequent shape was separated (43%), followed by diffuse (24%), continuous (21%), and unidentified (12%), whereas in the present study, it was "continuous" (54.5%), followed by "separated" (22.8%), "diffuse" (14.6%), and finally "undefined" (8%).
In the present study, the average position of MF relative to the apex of the second premolar was found to be 52% on the mesial side, which is analogous to the findings by Gupta et al. [2] and Phillips et al. [1, 4] However, in contrast to the study by Gupta et al., the present study showed that the second most horizontal position was under the second premolar (47.5%) and then distal to second premolar (3%).
For the vertical location of the foramen, it did not vary drastically between males and females x/z (1.75 and 1.70, respectively).
The results from our study showed that the size of the MF is greater in males than females (3.3 mm and 2.7 mm, respectively).
conclusIon
Determining the exact anatomical location and shape of the MF is of fundamental clinical application. According to literature, the shape and location can vary between societies. Our study in a group of Libyan patients reported similar results to some previous studies. It showed the continuous shape as the most common. Regarding the horizontal position, the most common position was between the first and the second premolars. The vertical position varies, but generally, it was under the apices of the mandibular premolars.
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Male Female
Anterior to the first premolar In line with the long axis of the first premolar 1 (1) Between the first and second premolars 20 41 (56) In line with the long axis of the second premolar 27 (66) 30 (39) Between the second premolar and first molar 3 (3.9) In line with the long axis of the first molar 1 Total 44 71 MF=Mental foramen
